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Abstract. We have used multi-wavelength observations of high precision to derive the space velocity and compute 
the orbit around the Galactic Centre of the prototype X-ray binary Scorpius X-l. An origin in the local spiral arm 
of the Milky Way is ruled out. The galactocentric kinematics of Scorpius X-l is similar to that of the most ancient 
stars and globular clusters of the inner Galactic halo. Most probably, this low-mass X-ray binary was formed by a 
close encounter in a globular cluster. However, it cannot be ruled out that a natal supernova explosion launched 
Scorpius X-l into an orbit like this from a birth place in the galactic bulge. In any case, the Galactocentric orbit 
indicates that Scorpius X-l was formed more than 30 Myrs ago. 
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1. Introduction 

Scorpius X-l was the first discovered and it is the 
brig htest persistent extra-solar celestial X-ray source 
IjGiacconi et al.lll962|) . It is the prototype low-mass X-ray 
binary composed of a compact object and a donor star 
that have masses of 1.4 Mid and 0.42 M©, respectively 
l|Steeghs fc Casaresl Eool . The orbital period is of 18.9 
hr and the compact object is accreting matter from the 
Roche lobe-filling companion star. Although the mass of 
the compact object is consistent with that of a neutron 
star, no thermonuclear explosion (X-ray burst of type I) 
of the infalling matter on the putative hard surface of a 
compact object has been reported so far. 

The kincmatical properties of Sco X-l can help us in 
understanding its origin. From the radial velocity, proper 
motion and distance of the system, the space velocity can 
be derived. Thereafter, using a mass model for the Galaxy, 
the galactic path can be tracked. This approach was ap- 
plied for first time to derive the Galactoce ntric orbits of 
the h alo black hole binary XTE J1118+480 l|Mirabel et all 
120011) and the Galactic disk runaw ay black hole system 
GRO J1655-40 ^Mirabel et alJl2002jh 

Scorpius X-l is a mi croquasar (for a review see 
iMirabel fc RodriguezHl999]) , namely, a source of relativis- 
tic jets with a compa ct radio core associate d to the accret- 
ing compact object l|Fomalont et alJboOlj) . The most ac- 
curate proper motion of X-ray binaries can be obtained us- 
ing Very Long Baseline Interferometry (VLBI) techniques 
at radio wavelengths. In the case of Scorpius X-l, a precise 
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distance of 2.8±0.3 kpc from the trigonometric parallax, 
and a proper motio n of the radio core ha ve been deter- 
mined using VLBI (B radshaw et al.lll999|) . Furthermore, 
an accurate value for the systemic rad i al velo city was re- 
cently reported by ISteeghs fc Casarell <|2002l) from spec- 
troscopic observations at optical wavelengths. Because of 
the unprecedented precision in the distance, proper mo- 
tion, and systemic radial velocity, Scorpius X-l is the X- 
ray binary for which we have obtained the most accurate 
determination of the galactic path, among the seven X- 
ray b inary systems studied so far flMirabel fc Rodriguesl 
l2002h . 

2. Space velocity and galactocentric orbit 

The position, distance, heliocentric radial velocity, and 
proper motion are listed in Tabled These data were used 
to compute the galactic orbit of Scorpiu s X-l using the 
galact ic gravitational potential model by Ijohnston et alJ 
The velocity components U, V, and W, directed to 
the Galactic centre, rotati on direction, and North Galact ic 
pole were derived using l.lohnson fc Soderbloml (jl987t ) 's 
equations of transformation, and assuming the sun moves 
with components (U©,Vo,Wo) = (9, 12, 7) km s" 1 rela- 
tive t o the local standard of rest (LSR) l|Mihalas fc Binnevl 
Il98lh . The values of U, V, and W in Table □ are rather 
different from the mean values that characterize the kine- 
matics of st ars that belong to th e thin and thick disk of 
the Galaxy llChiba fc Beersll2000h . 

The parameters and graphic representations of the 
galactocentric orbit are given at the end of Tableland in 
Figure respectively. Because the distance, proper mo- 
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+23.18 




D [kpc] 


2.8±0.3 
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Vhelio [km s _1 ] 


-113.8±0.6 
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[mas yr _1 ] 


-6.88±0.07 
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Us [mas yr _I ] 


-12.02±0.16 
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Ulsr [km s _1 ] 


-93±2 




Vlsr [km s _i ] 


-179±20 




Wlsr [km s- 1 ] 


-74±4 




Galactocentric eccentricity 


0.87±0.05 




Zmax [kpc] 


4.2±0.2 




Dpcri [kpc] 


0.5±0.1 




£>apo [kpc] 


7.4±0.4 





Table 1. Data and computed galactocentric or- 
bital parameters for S corpius X-1. Re fe rence s given 
in 3 rd column are: 1 = IBradshaw et al.l l|l999l) . 2 = 
ISteeghs fc CasaTel (Eool 



tion and systemic radial velocity were determined with 
high precision, the errors in the orbital parameters of 
the galactocentric orbit of Scorpius X-1 are dominated by 
the uncertainties in the Galactic potential model. The er- 
rors for the orbital parameters quoted in Table ^ ar e the 
deviations derived fro m comparing the prescri ptions by 
IFlvnn et all (|l996|) andlde Oliveira et all l|2002|) with the 
one adopted by us l) Johnston et al.lll995|) . The computed 
orbits that result from the use of the different current mass 
models for the Galaxy are very similar. 

Scorpius X-1 does not participate in the Galactic rota- 
tion and its kinematics is unlike those of stars that belong 
to the thin and thick disk populations. Presently, Scorpius 
X-1 is moving towards the Galactic plane with a free fall 
velocity of 74 km s _1 , and it is receding from the Galactic 
Centre at a spatial speed of 125 km s _1 . 



minimum linear momentum does not exceeds the maxi- 
mum linear momenta found among runaway solitary neu - 
tron sta rs and millisecond pulsars llToscano et alj fl999'l. 
Besides. iBrandt fc Podsiadlowskil l|l995h calculate that af- 
ter a supernova explosion the resulting low mass X-ray bi- 
nary can remain bound provided it does not attain a veloc- 
ity larger than 180±80 km s _1 . The minimum kick velocity 
for Scorpius X-1 is at the limit of the maximum velocity 
for which the binary can remain bound. Unfortunately, 
from the theoretical point of view, the timescales after 
the explosion to achieve persistent Roche lobe overflow 
by the secondary and circularization of the binary orbit, 
are both rather uncertain. Therefore, although unlikely, 
one cannot rule out the possibility that Scorpius X-1 was 
launched from the Galactic bulge by the explosion of the 
progenitor of the compact object. 

The galactocentric orbit of Scorpius X-1 is consistent 
with an origin in a globular cluster. The orbit is highly 
eccentric (e = 0.87), with a perigalactic distance of 0.5 
kpc, and a maximum height above the plane of 4.2 kpc. 
It has comparable parameters to the orbits of globular 
cluste rs of the inner halo, such as NGC 6121 and NGC 
6712 (|Daut)hole et alJll996|) . However, we find that since 
the last perigalactic passage 30 Myrs ago, Scorpius X-1 
did not intersect any known orbit of a globular cluster. 

We point out that the majority of low-mass X-ray bina- 
ries of short period are found in globular clusters. Because 
of the high stellar densities and low velocity dispersions 
the cores of globular clusters are the best sites in the 
Galaxy for the formation by close encounters of this class 
of X-ray binaries. In this context, Scorpius X-1 most prob- 
ably was formed in the core of a globular cluster in a close 
encounte r of the compac t object with a single star or with 
a binary l|Verbuntll2002|) . being catapulted out of the core 
more than 30 Myrs ago. 



3. Discussion 

We first consider the possibility that Scorpius X-1 may 
be associated with Gould's belt, which is a spur of the 
local spiral arm that h as a size of a few hundred parsecs. 
IBradshaw et alJ l)l997|) pointed out that Scorpius X-1 is 
beyond the Sc o-Cen association . The n ew refined distance 
of 2.8 kpc by IBradshaw et al.l l|1999fl locates the X-ray 
source farther beyond the edge of the belt, which is ex- 
panding. Since Scorpius X-1 is approaching along the line 
of sight with a velocity of 113.8 km s _1 (see Table 1), the 
possibility that Scorpius X-1 has been formed and ejected 
from Gould's belt is ruled out. 

Two possibilities remain: either Scorpius X-1 was 
kicked out into such an orbit by the explosion of the mas- 
sive progenitor of the compact object, or it was formed 
in the halo itself. 30 Myr ago the binary was at a peri- 
galactic distance of ^500 pc with a velocity relative to 
the Galactic Centre of ^480 km s -1 , implying -after sub- 
traction of Galactic rotation- a minimum kick velocity 
of ~230 km s _1 . This corresponds to a minimum linear 
momentum of ^420 M Q km s _1 . Although large, this 



4. Conclusion 

Thanks to the unprecedented precision in the dis- 
tance and prop e r mot ion from VLBI measurements by 
IBradshaw et alJ l|l999j) . and the accurate systemic ra- 
dial velocity mea s ured with optical spectroscopy by 
ISteeghs fc Casaresl l|2002() . a precise orbital motion of 
Scorpius X-1 around the galactic centre was computed. 
The source reached a perigalactic distance of 500 pc at a 
velocity of 480 km s _1 . Presently, it is at a distance from 
the Sun of 2.8 kpc, falling to the Galactic plane with a 
vertical speed of 74 km s" 1 . A possible origin associated 
to the Gould's belt can now be ruled out. Scorpius X-1 has 
an eccentric orbit (e = 0.87) around the Galactic Centre, 
and the kinematics is similar to that of the most ancient 
stars and globular clusters of the inner halo. Most proba- 
bly Scorpius X-1 has been formed in the core of a globular 
cluster, as the majority of the low mass X-ray binaries of 
short orbital period. However, we cannot rule out that a 
natal supernova kick launched Scorpius X-1 into an orbit 
like this from a birth place in the galactic bulge. In the 



context ot those two possibilities Scorpms A-l must have 
been formed more than 30 Myrs ago. 
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Fig. 1. Galactocentric orbit of Scorpius X-l. In the top panel is traced in red color the orbit of Scorpius X-l 
around the Galactic Centre and in yellow the orbit of the Sun for a period of 230 Myrs. The lower two panels represent 
the view from above the Galactic plane (left panel) and the side view (right panel). In the left panel the continuous 
line represents the section of the orbit in the Northern Galactic Hemisphere; the section of the orbit in the Southern 
Hemisphere is shown by discontinuous trace. The orbit since the last perigalactic distance of ~500 pc that took place 
30 Myrs ago is shown in red color. An animation of the orbital motion of Scorpius X-l around the Galactic centre can 
be seen at: http://www.iafe.uba.ar/astronomia/mirabel/mirabel.html 



